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SUMMARY 


The projoct to study the turbulent diffusion fleme(!), py 



















tne Department of Chemical Engincoring of the California Institute 
of Technology, is quite comprehensive. Only a small portion of the 
project was included in tne scope of this thesis. 

A study will be made of the turbulent diffusion flame that is 
formed when fuel ses is introduced, through the end of a l-inch- 
diameter tube, into air, flowing in a 4#inch-diameter tube, and 


corbustion is started. The plan of investigation is divided into 





tvo parts. First, a study will be made of the mixing zono\2) when 


comoustion is not occurring; and secondly, a study vill be made of 





the combustion zone when combustion is taking place. 

The work accomplished in the scope of this thesis was the 
‘design and essistanco in the fabrication and assembly of tie oquipe- 
nent necessary to concuct this investigetion. This was completed 
with the exception of the sampler to be used in obtaining samples of 
the burning gases. In addition, ene series of tests was made at one 
‘strean velocity. 

The equipment functioned very woll during the series of runs, 


Rocommendations for a few minor changes are included in this report. 





a 
speed of taking data and the accuracy of the results. 
The results obtained in the series of tests indicated that the 
desired data can be obtained with this equipment. 
(1) Turbulent ciffusion flame = a flame formed in the mixing zone 
of two gases diffusing into oach othor. 


(2) Mixing Zone - that section inside of tre combustion tube downe- 
stream from the ond of the gas inlot tube. 








STATE) ENT OF THR PROBLEL 


A study will be made, by tho Department of Chemical 
Engineering of the California Institute of Technology, of tle 
turbulent diffusion flame thet is formed when fuel gas is intro- 
duced, through a leinchedianeter tube, into air, flowing in a 
JZeinchediameter tube, and combustion is started, A schematic 


drawing showing the Arrangenent of Apparatus is shown below: 


zone of 


Convustion 


The two nain objectives of this project are: the determinct- 
ion of the charscteristics of the zone of combustion; and the corre- 
lation of the results obtained from e study of the mixing zone when 
combustion is not occurring with those obtained when combustion is 
teking place. it is believed that the results will be analorzous to 
those found uv Burke and Schumann?) for the solecular ciffusion 
C2506 : 

The uethod of investigation of the problem will be as follows: 

First the Ciffusion, under turbulent flow conditions, of fuel 
fac arc air without combustion occurring will be studied, The air 
anc ivel cas will be introduced into the combustion tube at the 
same temperature end averere velocit:. An attompt will be made to 
very the turbulence, Concentration of fuel gas, pitot tube pressure, 
an? thernocounle eloctronotive force measurements will be mode at 
various locations along the longitudinal axis of the combustion 
tude. At eac’ of these locations, measurements will be made on a 


(1) Burk®~ Schusann - (Dif‘usion Flanes) ~ Ind, Eng. Chem, 
20, 998 (1928) 





traverse along a diameter of tro 4="nchediamoter combustion tube, 
Tre equipment should ba capable of making the traverse measure= 
ments at 0.050 ineh intorvals in repions where tle rate of ciangoe 
of coneentration is high enouga to warrant it. Velocity end 
turtmuence will be varied througn precetermined rangres,. 

Next, a study of tho ciffusion of fuel ges and air with com 
bustion occurring will be mace, In general, the procedure will. be 
the sam? as for the previous study with an attempt boing monde to 
Guplicate the conditions insofar as possible, that wore obtained 
in the runs without combuction. 

The work accomplished on the project, that is included in the 
scopo of this thesis, was to der*rn and assist in tre fabrication 
and asseubly of the equipment necessary to conduct the preecone 


bustion phase, and to make one sories of runs, 


DISCiSSIOn AND DESCRIPTICN OF THE EQUIPHENT 


It was originally planned to include in this project several 

sizes of conn stion eee and several different gaseous fuels, 

When it was deciced that copper or stainless steel tubing would 

be required for the conbugtion tube, the scarcity of these materials 
mace it necessary to limit the project, for the present, to the one 
combustion tude of 4-inclkediameter, extra strong, copper pipe. Also 
the cost of using gaseous fuels other than fuel gas was found to be 
vrohibitive for e complct investigetion, At a later date when more 
46 known about the subject, it may be feasible to use other gaseous 
fuels for specific testes, 

The design, fabrication anc assembly of the equipment for this 
project is complete with the exception of the sampler to be used in 
tho combustion zone while combustion is occurring. It has tenta= 
tively been decided to use the isentropic cooling type for this 
purpese. Mr, Gilmore of the Department of Chenica2 Engineering, 
California Institute of Technology has complated the desipn of a 
sampler of this type. 

A description of the rest of the wenipearie is piven belor: 

Schematic drewings of the apparatus are showm in Firures 1 
and 2, A view of the entire test section is showm in detail A of 
Figure 1. The combustion tube assombly is shown in detail B of 
Figure 1. The combustion tube, part A, of dotail B is made of 4e- 
inch, oxtra strong, copper pipe. 

The cooling jacket, part B is 6-inch standard brass pine 
whic? is seeled to the combustion tube with expansion seals, part 


C. The jacket is provited wit) J-inch brass pipe cooling water 
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entrance end exit lines (not showm), Thore are eleven sampling 
norts located along the longitudinal aris of the corbustion tube, 


as shown on detail.A of Figure 1. Tho construction details of ore 
























of these ports are shorm as part D on detail B of Figure 1. The 
sampling tube, part E, is made of two concentric metal tubes and 

is similar to ea pitot tube. The outside tube is made of standard 
brass tubing with an outside diameter of 1/€ inch, The ineide tubo 
is made of stcinices steel tubing with an inside Cfencter of 

0.03125 inch and an outside diameter of 0.0625 inch. The samples 
wil] be Grawn in through the stainless steel tubo, The ennuler 
space between tho brass and steel tudes serves as the static pressure 
chanber when the sampler ie used as a pitot tube, In addition, theruo= 
couple leeds (not shomm) ere run in this space to the top of tie bend 
dn the ture. They will be used to determine an apparent tempersture 
of the air stream, The botto. of the sampling tube rests on an 
verted vernier height measuring pauge. The location of the sample 


ore above or below the centerline of the conbustion tube 





be measured to an accuracy of 1/500 of an inch, A piezometer 
sii: be located near each end of the combustion tube to obtain the 
average static pressure at these points, Thermocouples will be 
located in the combustion tube wal] at each of the five points which 
are especec 12, 1€, 24, 4@, and S4 inches frou the upstream end of 
the combustion tube, The cozbustion will be started by a spark 
plug (nct shown) inserted in one of the sampling ports. The fuel is 
introduced to the air strea: fron a leinchediameter, copper pipe, 
vart G, Figure 1. The outside surface of thie pipe has been coni- 


cally tenare’ and polisted, Tho diameters of the combustion tube awl 


— a iwet tioc Tor: chogen so as to provide nearly a stoichometric 
a am —- . a ann 








mixture for combustion at tio same everere velocity of flow, The 
ereé retion of the two pipes is 1231. 

The air ineuction system, mace up of cucts A throug: Q in 
Figure 2, delivers meted cir to the combustion tube at a pre- 
determined tomperature, within 0.1° F. The air velocity cen be 
variod, by means of a variable specc blower, so as to provide ea 
Roynolds number range of from 25,000 to 300,000, Tno air is taken 
from tho outside atmosphere at duct A weero it is filtered and 
noated, The blower is located at G. Additional heat can be added 
at duct H by the automatic air temperature control. The rate of 
eir flow can bo measured boy the Venturi meter, I. Turning vanes 
are providec in duct X and a honeycomd section in duct 0. The air 
enters the combustion tube, part R, Figure 2, after passing through 
the contraction sections P end Q. 

A burner (not shown) to burn the airegas mixture during the 
runs that are made without combustion, is located at the end of the 
combustion tube. The burner is made of stancerd §& inch diameter 
steel pipe 12 inches long. Two hundred copper tubes 1/4 inch in 
diemeter are located longitudinally in the steel pipe. The copper 
tubes ere held in place by soldering to two end plates, of 3/€ inch 
brass plate, that have beon drilled to allow the copper tubes to 
pass through, 

The combustible geses pass through the inside of tho copper 
tubes and are ignited at the outside warfWice of the domstrean end 
plete br means of a pilot light (not shown). The tubes and end 
piate ere cooled by water, wnich is circulated inside of the steel 


pipe and snd plates and outside of the copper tubes, 





ee 


The samples obtained were analyzed by a ges density method. 


The pressure mecsurenents were made by means of waterein-flees 



















nanometer and by a nercuryeineglas baromoter, A White potentio- 
meter will be used for the measurenents of the thermocouple 
electronotive forces. 

The entire test section was built to close tolerances so 
that accurate results might be obtained, Since it was anticipated 
that the location, relative to the test section, of the critical 
region in the mixing sone would vary for different average strean 
velocities; provisions for accurate measurements were nade along 
the major portion of the test section, The sampling ports were 


“ag 


located along the longitudinal axis of the combustion tube to an 
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2003 inches of the horizontal centerline of the 


combustion tube, and the angular displacement in any direction 


fh. 


fron the vertical diametor of the combustion tube did not exceed 
+ 30 minutes. The upper surface of the sampler sleeve and the 
‘sampling port plugs fit withint .001 inches of the inside surfaco 


2 


of the comoustion tube, 
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TEST RES a5 Lvs OB TAT 17h, 


In the short tine that wes available after the equipment mas 
complotec, it was uecided to make one series of test at one stream 
velecity in an attemrt to ascertain the capabilities of the esguip- 
ment and to locate any inherent wealmesses in the design, 

Four samples ware taken et each of five sannling ports, The 
ports where satples were taken are lnbeled Stations 1, 2, 3, 4, 5, 
anc are 2, 7, 17, 75, and 71 inches respectively from the ersi of 
Eve (Jem inlét pire. 

At each of the five stations, four samples were taken along 

radius from the conter of the combduotion tube dowmward, The 


*~a 


cur sazples were labeled A, 3, C and D end were teken along the 


3 


described radius, at einch intervels, from the centerline of the 





combustion tube. Samole A being teken at the centerline anc Samples 
B, C and D being teken at a radius of v, 1, ly inches respectively. 


rly 
H' 


he ayerarce velocities of the inlet air and the fuel gas were 


Q 


adjustes so that tre velocity of the fuel gas, et a point 0.25 
inches from the inside of the l-inch-ediameter fucl feed line, was 
equal to the velocity of tho air, at a point 0.25 inches from the 
outsice of the leinchedianeter fuel feed line, Both measurements 
ware made one inch upstrean from the point of mixing and rore 
Ceterninsd by pitot twbe readings. The averare volocities were 
helc constant for the rest of the runs, 

It had originally been intended to maintain the two flows at 
LOC 604 0,29F but due to the failure of the inlet air heating 


circuits just prior to starting the runs, the temperature of the 
SS one 


- Je 


geses were held et cv.6 4. 20°F vy manually controlled heating. 


B 'rocedure 


The proescure followed in neking a ceternination is oute 


















Lined Ddelews 

1. The sampler was put in the proper sampling port and 

the sampling head wes elevated to the top of the combuse 
tion tuoc, The reading on the vernier height measuring 
‘gaure wes then madee The sempling heac was then lewered to 
the center of the combustion tube. To do this accurately 
the pointer on the vernier height roasuring gauge was 


lowered by an amount equal to the know radius of the 





Cee 


bustion tube less the known recius of the pitot tubs, 
‘The sarpler was then in position Scr Sample 4. 

2, Tho sampling head was then rotated until the maxisum 
sity heed reading was obtained on the manometer. This 
cated the position of the hoesc Cirectly upstream. The 

_ pitot tube reading was then taken. Tis procedure was not 


entirely satisfactory. For recomnendec improvement see 


A sanple bulb, which rad previously been evacuated to 

an ebsolute pressure of 1,5 millimoters of mercury, wes 
tren attached to a sampling tude. The sampling tube wes 
connected to the inside tvbe of the sannler, By means of 
& stop cock, the flow into tho sampling bulb was regulated 
so thet the pitot tue manometer reading was zero, This 
insured that the sample was being withdrew at nearly the 


sane velocity as tro flow at the point of sampling. 





The samle velocity was less than the velocity of the 
strecm ot the point of sanpling by an amount equal to the 
pressures drop in the line fron the pitot opening to the 
manometer, This preasurs drop was ccnsicered to be very 
amell since tue srallest restriction was at the cpening into 
the strean,. 

After the step cock hac been turned fully open, te 
sample bulb was lef connected until the original ritot ture 
readinz was noted. Tris method fave a definite, statle 
oe eat which the sample was known to have been taken 
and could then be corrected to standard conditions very 
easily. 
4e A thermometer located noar the sampling bulb curing the 
sompling period wes reac to give the temperature of the gas 
colicctad,. 

S. The sampling bulb was then weighed on a hbalanca to an 


aecurecy of ] milligram. 





6. The sampler wes then lowered 0.5 inches by means of tho 

vernier height gauge to position B and the procedure repeated. 
: | 

The cata obtained from this series of runs are tabulated in 


the Anpendix, Sections 1 througi: 3, 





lovieti 
a The calculations requirec in the presentation of the data 
r obtainod were very cimple. As en example, those for Stetion 2, 
: Position B, arr given volow: 








we: 
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Weight of Semple. 


Ter e 26 ° 3304 gr. ans 
Bulb and sample 25,6050 grams 
Sample 0.7754 grams 


Correction for Temperature and Pressure changes. 


Nows dy = Pata x de and since the volume 
PaTr 


of tre sernle was constant wo may write: 
To 
Y, = Ba x We 
Let yg be weight obtained from the sanple weighinrs 
end Wy be the sample weight corrected to standare 


conditicns. - or) 
2° ML" 754.9 2 275 





x 0.7754 = 0.8% srans 


Now tic weight of ea sample of fuel gas @ 0.742 crams 
and the weight of a sample of air= 0,991 grams at 

6° centigrace and 760 millimeters of mercury absolute. 
The value, of the weight of the fuel gas, checked quite 
closely with thet given by tho Southern California Ges 
Company. Therefore we may calculate the percent frel 
fes in the samnle by the following oquation: 


0.991 = 0,742 | 
% Fuel gas in 2B « S ananaee x 100 = 46.9% 


A list of these ros lts ig given in the Appendix, 


g 






Saetiow 1. 
Calculation of Avereve stroan velocity. 
The average stream velocity was computed by teking 


the averaze of tiie velocities of the inlet air and 


the inlet cas in proportion to their respective 








@e. Colcevtetion of Avenaer Irict Gas veliccitr, 

An orifice meter with a square-edzed orifice plete 
ef 6,700 inch in Ctanctor was instelled in the inlet 
pas line, Tho manometer reedine acressa titis orifice 
plate was 2.95 inches of water. Usinz the forrula 
sayven in "Fluid Meters" (1) for the calenlation of 
flow ms equare=ndeed orifies we hava: 


2 
a 1 
q2 (o.f.8. ot pyy ta) = 0.06063 RY,Ds (™ a) /s 





whern 
G=m Sp. orev. of gas (airs 1.0) = 0.748 
ne Diff. press. in inches of weterm 2,95 
Km Flow Coeff,= 0.7047 at Ro. = 75,000 (Table 6) 
pa = Absel. press. in pounds por sq. in. 14.45 
f, = Absol, temp, in R = 549 
ye Supere-conupressibility factor = 1,0 
De @ Orifice plete diameter in Inches = 0,20 
Yy = Exsmension Fector 0,995 fron Fig. 72 - 
"Fluid Keters® 
therefore 


*" 


gy 2 0.06068 x 0.7047 x 0.998 x 0.64 (T4*Ze 





qa = 0.006 c.f.s. at 549° R and 746 mm, Ig. 





Qo ™ "760 x FAS x 0,336 = 0.276 cefet at 460° R and 
760 mn. Nge 


therefore 


qo 
Velocity B@Aroa = Smee = 50.7 ft/sec. 
(1) ABE Penearc’ Pohl, = (Flat? eters) - Aste, ghb ga,, 50 (1937) 





Reynolces “o. checks 


. aS : -3 
po = A a De al aR AE 51,700 
Row K = 0.7195 at Re ™ 231,700 (Table 6) 


ole Velocity = Rae x 50.751.8ft./sec, 

be Calculation of Average Inlet Air Velocity. 

A Venturi motor was installed in the inlet air line. 

Tho manometer reading across the Venturi was 7,0 inches — 
of water, Using the formulae given in "Fluid Meters", 
pg. 127, for the calculation of the weight flow of a 


gas through e Venduri meter we have: 


| (>) p»)| aft 


Wee 0.5596 7 





where 
Op = Coeff. of Discharge 
Ds ™ Dia. of Venturi throat in inches = 2.404 
B® Ratio of throat dia. to pipe dia. * 0.40 





@= Spec. er. of gas (Air * 1.0) =1,0 
Pe * Absol. Press. at throat in lbs. per sq. in. 


= 14.20 





Pa ™ Absol. Press. et Entrance in lbs. per sq. in. 
=14.43 
T, = Absol. Tomp. in OR * 549 
We Ness rate of flow in lbs. per sec, 
To cetermineGy ostimate Re * 100,000 


then 


buen 


a 1/2 


Cy (Boe 44) = 
, Ci-p*) +4 OE @® = 0.93575) 


Ba, 5 


tnercfore 


On) (Be 4) ~ 





Cy (B= .4) = 0,982 


then 


v 7 ot eK | 100% 120 x 5, | 2/8 
~ 0.0006 = aba iy | 549 .23| 


Yom 0,378 lbs./ sec. 


thorefore 


Volocity «. Jb a ~~ = 66.7 ft./sec. 
Ad O74 x ~O766 
Re = aaa 28 Ys = 135,600 
1.566 x 


There is no change in Cp between Re m= 100,000 and 
135,600. 





¢. Calculation of avorago stream velocity based on area | 


ratios, 
Average Velocity = VY, x cy + Vax te 


= 6168 x qh + 66.7 


I Average Stream Velocity = 65.5 %%./sec. 





LZ. Calculation of Average Reynolds Number, 


Tom: Ro ape = Ont ROS, .. 145,000 


1.510 x 10 
Where Y= Kinometic Viscosity of gas mixture. 


= ieee 


DISCUSSION 





Tie equinment functioned very woll during tho series of tests 












toat vere made; however, cue to the elementary nature of these 
tests, the oquipment eennot be considcrod to have kad e thorough 
®shakodown" tect. 

It wes discovered, quite some time aNer the tests were come 
pleted, that the lino leading from the static side of the pitot tube 
to the manometer was plugecec. This indicated that the pitot readings 
were made with a closed nanometer systen. Therefore the values 
obtained from theso reedings would be valic for comperitive purposes : 
but not in determining the absolute magnitude of the quantitios, The 
tests would have been repeated if sufficient time had been available. 
During the running of the tests it became evident that some 
ainor changes in the equipment should be meade. Those are outlined 
yelow: 

1. The sampler stould be provided with some positive means of 

locatine the sampler head directly upstream. This would 

eliminate the troudle of locating the sampler head at eacl: 
position, end would be more eccurate than the determination of 
ite location by the piket tube menometer readings. The slight 
desecropancies in the pitot tube manometer roadings that were 
obtained in the series of tests are believed to have deen 

caused by the improper location of the samplor Hew. 

2. A support should be installed near the sampler to carry 

the weil of the preesure and sanpling lines, The sarpler 


tuoes are co smal’? that the weight of the lines and fittings 





a 





- 6 « 


attached to them causes ti.c tubes to deflect appreciably. 

2. A Sore sensitive valve, suck. ss a needle valve, installed 

in tho fucl fas fees line would be quite helpful in adjusting 

tre inlet fuel gas veiocity. 

4.2 The brecket that attaches tho vernier heisht measuring 

gauge to the saxpler sieeve snould be reworked so that it hes 

the seme shane as the sampler sleeve at the point of attacte- 

nent. This would facilitate the instcllation and rexoval of 

the samples from the sampling porte since the sampler slceve 

wrench vould fit more casily. 

oq es 

The results obtainec fron the series of tests indicate a 
precision of about one percent in the percent fuel ras in the 
sanple, The probable error of tue absolute value of the percent 
fuel vas varios from 36 percent at a concentration of 4.4 percent 
fuel gas to 2 percert at a concentration of 99.1 percent fuel gas. 
For the present investigation this snould be sufficient since the 
relative compositions are of primary importance, The pitot tube 
meanoncter can be reac to an accuracy of two millimeters, and since 
this reading is usec enly as a correction factor in determining the 
compesition of tne sample, this error is negligible. 
CG, Discussion of Reowlt: 

The results of the series of tests have been plotted on threo 
fraepis, Figures 3, 4 anc 5. 

Figur? 3, wics civos tre plot of the concentration along the 
comsustion tube et tre various positions, is of value only in 
detersifing for future investigation, how far dommstream from the 


ncomt of injection tie sannlinge shoulc take place, 








= 7 = 


Figure 4, gives the plots of the concentrations et a cross- 
section of the flow for each of the five sampling stations, If 


it is noted that Position B, which corresponds to a point 6.5 














inehes fros the centerline, is tho point where the fuel pas and 
air flows meet; then it is apparent that the shape of the concen- 
tration curve on cach sido of this point is nearly identicel for 
each individual station, 
Using the values for the upper and lower combustion limits 
of methane, ethane, propane and butane given by Coward and Jones1) 
anc assuming a fuel pas composition as given belows 
Hethans &5 percent 
Lthano 15 percent 
wo can calculate the upper and lower combustion limits of the fuel 
ras by the formula of Le Chatelier as modified by Coward and seus) 


The equation is as follows: 


+ 3 + _ + seve 
in which Pp, Pe, and pg ... ere the proportions of each combustible | 
ons present in the originel mixture, and lk, Ig, and Ue ... are the 
lower limits in air for cach combustible ges separately, Now, sub- 


6tituting in the equation for the lower linit, we have 3 


5.5 Ts 


Alse deternining the upver limit by en anelocous equation, we have: 


a = 13.0% 


+ 12 
ion oan 
Nom, using the values of the upper ané@ lower combustible limits thus 


odtained, the gone of comoustible ens along the combustion tube %s 


(1) Coward & Jones - be te of ee EEE of Gases and a Vapors, 











4 
-! 


shown in Pirure 5. Tris plot is not considered accurate since an 
‘nsufficient number of samples were taken to accurately cdeteriiine 
tne shane cf the gone of combustible gases. 

Tye calculation of the averace stream velocity was based on 
the averave of the pitot tube roadings taken at the four positions, 
The fuel air ratio that is obtained, when equal average strean 


velocities are maintaineé in the two feed lines is 1:12, 





paged on the results obtained, 1% is believed thet a grest 
deal of very interesting date can be obtained with this equipment 
ane the accuracy of results will be satisfactory for a preliminary 
investigation of this kind. 

It would be very interesting to check the shape of the cconcene= 
tration curves of Firure 4 on cach side of the point of mixing, 
This would define more closely tiie zone of combustible pases show 
in Figure 5. 

The investigation of the effects of the various parameters on 
on the diffusion of the fuel gas into the air will entoil a great 
Geal of work; howover, it is possible to get date quite rapidly 
using tho gravimotric determination of tho ges concentration. It 
is sincerely regretted that sufficient tine was not available to 


odtein a “cre complete set of cata for presentation at this tine. 
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The data anc calculation sneets included in the Appendix are 












divided into four sections. The material included in eacn section 
is cutlined below: 

Section 1, pages 4 - 2 through A - Z includes the sample bulb 
weighing data. 

Section 2, pages A - 5 and A - 6 includes the air ané ges 
supply manometer readings end the sample position rea@ings teken 
fron the venier height mogsuring raurce. 

Secticn 3, pages A - 7 and A ~ & includes the Pitot tube mano- 
etor readings anc tho sanple temperature readings. 
Section 4, pages A - 9 arc A - 10 includes the calculations to 
obte ie values of thie percent fucl gae in each sample from the 


Gata contained in Sections 1 anc 35. 





2 May 1947 « 


Buld Ro. 


Wte of Bulb + Air 


7%. of Buld 
Wt. of Air 


Aribtent Texp. 


A=; 


2 
Ld 


Section 1 - Data 


4 5 
159.6804 er. 165.7700 gr. 
die TIA. i AReL EO. Ere 

«8065S oF. -5985 g@. 


= 26.5° C 


Station I 


Ambient Pressure = 746.0 mm, 


Dalbd # 5 = Thro =~ 165.1745 ea. 


Position A 
Tare 26,3804 
daideLtiahe 
06574. 

Position B 
Tare 26.3004 
Posmeesy.) 
0 B25A 

Position A 
Tare 26,5804 
saad 
6604 


Ge 


Gre 


Gre 
(re 


Bre 


Station 2 


Ee 
fre 


Ete 


Fositian 0 
Tare 726.3804 
peat .0.8.0) i 
8804 


Position D 
Tare 260004 
sae QQON 
8799 


Position C 


foro 26,5804 











Lew 3 


Section I 


Position B 
Tore 26.5904 gx. 
eGQGQ gre 
oT: =. 


Ambient Pressures 745.5 Station 3 


Position A 
fare 26.3804 er. 





Station 4 


Position A 
fare 26.3004 gr. 
Mallet Be 
7654 Be 

Postion B 
Tare 26.3864 em. 





e8319 We 


Position D 
fave 26.0804 gr. 
cnesQO Ere 
8804 ge. 


Position C 
Tore 26.3004 er. 





.8809 er. 


Position D 
fare 26.0804 Bo 
20497) Ere 
8829 gr. 


Position C 
Tore 26.5304 er. 
pare Peo 10.0 Es 
8604 er. 

Position D 
Tare 26.5804 er. 
25,4015 er. 
8859 er. 








Position A 

ag Ee ge. 
OLA ge 

Position 3B 

Tare 26,5904 gr. 









Position C 


A-6& 
section 2 
Manometer Rendings (Water) 


Air Supply &pel7.c om 0 Av. Texm. = 32.59 C 
Gas Supply &ps 7.5 cm Av. Tompe = 32.09 C 
Alz Boundary Ope 9.75 o@. 
Gas Boundary Ops 9.75 cre Height = 6.627" 


Air Supply Total pressure = 760.7 mi. He. 


S:mpler Position Readings 








Station 1 Station 3G 
fop Reading 4.516" Top Roading 4,305" 
Plus Radius pcs Ke] Plus Radius 
Position A a Position A 
Position B 6.728" Position B 
2500 
Position C —_ Position C 
Position D i PW ei Position D 
Station 2 Station 4 
Too Roading 4,320" Top Reading A. S20" 
Plus Radius Aa QLQ Plus Radius 
Position A 6.2330" Position A 6.20" 
2500 2500 
Position B 6-730" Position B Ce 7 
e300 Pre 0.03 
Position C 7200" Position C 7250! 
2500 oo) 
Position 2 7.700 Position D 7.70" 














Station 1 
Position A 
Position 3 
Position ¢C 


Fosition D 


Stetion 2 
Position A 
Position 3 
Position C 


Position D 


Station 3 
Position A 
Position B 
Position C 
Position D 

Station 4 
Position A 
Position B 
Position © 
Position D 

Station 5 
Position A 
Position B 
Position C 


Position D 


ff 


- 7 


Oe 3 cal Or v 


Pitot Tube Rerdinzs 


12.5 
366 


12.6 


12.5 
121 
11.0 
11.0 


10.5 

9.8 
10.1 
10,0 


10.2 
10.0 
10.2 
10,0 


10.4 
10.4 
10.3 
10.1 


Cite HO = 9.1 CMe bg. 


Cove 


Cite 


le 


Cle 


CT le 


CiLe 


CMe 


Cle 


CMe 


cm 


Cre 


Cle 


Cile 


1,0 mw 9.2 me hge 
T20 om 9.5 cm, hée 


TIgO = 9.0 “Me he 


H,O # 9.2 mm, hg. 
H,0 = 8.9 mae hge 
HipgO = Bel ctx. hg. 


Ey0 w 6.1 17m, h2e 


H,gO = 7.6 om, hg. 
0 = 7.3 cm, hee 
HO @ 7.5 rm. hee 
HO @ 7.4 itt, h&e 


7,0 = 7.5 rm. hge 
HoO = 7.4 rn. hge 
B,O = 7.5 im. hse 
TiO = 7.4 te lage 


H,O # 7.7 mm. he. 
H,O = 7.7 othe ee 
TeaO @ 7.6 mm he. 
HaQ = 7.5 mom. hg. 


+ 76.0 = 


Tote) 
755.1 om, hée 


+ 746.0 =-755.° mm. hg. 


+ 746.0 = 
+ 746.0 = 


755.3 Che he 


75505 "tm. hee 


+ 746.0 = 755.2 mm, hee 


+ 746.0 © 75401 my hae 
“. "746.0 = 754.1 mm. hee 


+ 743.5 = 75lel me hge 


+ 7435.5 = 
+ 743.5 = 
+ 743.5 " 


+ 743.5 = 
+ 743.5 = 
+ 7435,5 & 


+ 743.5 = 


+ 43.5 = 
+ 743.5 & 
+ 743.5 = 
+ 745.5 = 


750.8 nm. he. 
750.9 mu hee 


751.0 ms hee 
751.0 mm. hge 


TOO.9 tm. lige 


Polec te Se 
Toles Mo. he. 
75lel me. hge 
751.0 rma. hee 





iL ow & 


section 3 


sample Sexmerature Readings 








® Fstinoted 





A 35M + 275 = HOG 
B SPC + 3275 = W6K 
C 3° C + Bm DENK 
D SC + 275 = 506% 
Station 2 
A 32.5% + 273 = 305.5% 
32,.5°C + 275 = 5S05.5°K 
C 32.0% + 275 = 5OE 
2500S + 275 = 2 
D B2.0%° + 275m ¢ 
Station 5 
A 31.5°C + 273 = 304,5°K 
B SOC + 275 = 14.0% 
C B0.5% + 273 = DI.PX 
S0.0°% + 2735 m DS,0°K 
Station 4 
A 29.0°C + 275 = 502.0% 
Bo 29,0°C + 275 = 302,0°K 
C 28,59C + 275 = 301,5°RK 
D 28.0°C + 275 = 1.0% 
Stetion 5 
AK 26.59 + 275 = 299.5°RK 
Bo 27.098 + 275 = 300.0% 
Yq C 26,0°C + 273 = 299,0°K 
D 25.09 + 275 = 208.0% 





nection 
Calculctions 


I. Correction of Dousity Tor Pressuro and Temperature Changzos: 


Hows 


Pita 
dad; = Pet, x dp 





and since the volume of sample w2s constant wo may writes 


1, = — x Wp where W denotos weight. 
Let "7." be weight obtained fron the sarmmle weighings and 
"i" be the sexmle weights corrected to standard conditions. 


Ta 
e « Tare Air Sample wt. = 7, — x We 


' pats 
a we ae Pee om ers. 
Similarly wo got: 
Station 1 Station 6 
A m 0,74 eg. A = 0,806 2. 
3 = 0.928 Eee B= 0,886 er. 
C m= 0.992 ge. C = 0.990 gr. 
D # O.99l go. nD = 0,991 2. 
Station 2 Station 4 
As 0.744 ge A = 0.856 ge. 
B= 0.874 gre B = 0.696 ee. 
C = 1.066 gg. C = 0,964 er. 


= 0,989 er 
Ds O,989 fe 
D = 0,991 gar. 


Station 5 





A = 0,902 Ee o * 0.971 Bre 
B = 0.925 ge. » = O.980 @&. 





A= 10 


Section 4 


Ii, Calculntions of porcent Pcl gns in sample, 


® Fuel Gas » 0.991 = 0,742 


Station 1 Station 35 
A = 100.0% A = 
Be 268% 5B se 
Cm 0.0% C om 
Ds. 0.0% D em 

Station 2 Station 4 
A = 99.1% A m 
B= 46.9% Bm 
C s 0.8% C em 
D= 0.04 a 

Station 5 
Am 36.1% 
B= 26.% 
Cm 8.0% 


Ds 4,44 


x 100 


74.9 
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. 


. 





wh 
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